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of Bacteriophages Gordon CaptainKirk2 (NC031072) and Gordon BritBrat (NC030942) were seen among 5 (19%) toxigenic C. diphtheriae [ Table 1 ]. These phages did not code for the toxin gene but were adjacent to the toxin gene and few hypothetical proteins on the bacterial genome. This indicates the possibility of novel bacteriophages yet to be characterised that might encode the toxin genes within its genome.
The prophages seen in the toxigenic strains had high sequence similarities with the previously reported corynephages of C. diphtheriae NCTC 13129, C. diphtheriae C7 (beta) and C. diphtheriae PW8 [ Figure 1 ]. The remaining 2 (7.7%) toxigenic isolates did not harbour any prophage elements to be associated to the toxin gene but had transposase encoding gene, of which the function remains uncertain. The non-toxigenic strains did not have any of the toxin encoding phage elements, but had incomplete phage elements (<16 kb) and had no correlation with the prophages mentioned amongst the toxigenic strains. The absence of intact prophages in the non-toxigenic strains makes it highly susceptible for results and dIscussIon Amongst the 343 specimens screened, 149 (43%) were positive for C. diphtheriae with 9% being toxin negative (13/149) . Amongst this, a total of 29 isolates of C. diphtheriae were randomly chosen. About 27 (93%) isolates harboured toxin genes and were positive for Elek's test, whereas 2 (7%) isolates were negative by both methods. PHASTER analysis of the genome sequences revealed diverse phages that are integrated into the genome of the study isolates.
Bacteriophage Gordon GMA4 (NC030939) was found to be an intact prophage and seen lysogenised among 35% (n = 9) of the isolates, encodes the toxin gene within the attachment sites. Around 31% (n = 8) of the isolates were lysogenised with bacteriophage Gordon Gsput1 (NC030932), encoding the toxin within its genome. Due to the integrity of these phage genomes, the lytic properties are believed to exist which increases the vulnerability of the phage to undergo lytic cycle and disseminate the toxin gene to other non-toxigenic C. diphtheria. [12] Incomplete prophage elements phage infection, consecutively explains the theoretical toxin production by lytic phages in non-toxigenic strains of C. diphtheriae. Besides, carriage of non-toxigenic strains in healthy individuals, as part of the normal upper respiratory tract flora can act as a potential reservoir that can undergo phage conversion and dissemination. [13] conclusIon This is the first report from India on the diverse toxin encoding prophages of C. diphtheriae. It is imperative to devise prevention strategies that hinder the dissemination of toxin by prophages, as it increases the complications of diphtheria post-immunisation. Genomic evidence of the absence of intact phages provides a possible explanation for clinical diphtheria caused by non-toxigenic strains of C. diphtheriae, creating a need for treatment strategies that hinder the replication of bacteriophages and thereby eliminates the possible acquisition of toxin gene in the future.
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IntroductIon
Brucellosis is a significant bacterial zoonotic disease with a high seroprevalence in low-to-middle-income countries where there is a significant contact of humans with animals. India ranks first in milk production and has the largest bovine population in the world [1] owing to which there is an inordinate exposure of workers in this industry to these animals and their products. The arid climate coupled with low economic investments in this part of western Rajasthan makes the majority of rural households rely on livestock for sustaining the household expenses. [2] Early detection and treatment of brucellosis cases can be achieved by early recognition of the probable cases. This can be achieved by better understanding of the symptomatology and seroprevalence through epidemiological surveillance. Our study aims to determine the prevalence of human brucellosis in cases of pyrexia of unknown origin (PUO) and individuals at risk of exposure to Brucella in local population that included high-risk groups such as veterinarians, milkmen and contacts of symptomatic/confirmed cases.
materIals and methods
The present study was a prospective study conducted from a period of January 2016 to June 2017 in a tertiary care centre of western Rajasthan. The study population comprised symptomatic individuals and a high-risk group. Patients with PUO were taken as symptomatic cases, whereas the high-risk group consisted of veterinarians, milkmen and other asymptomatic individuals having similar environmental exposure parameters as cases (such as patient's attendants) but without any evidence of the disease. A detailed history was collected from these individuals that included their name, age, occupation, nature of work, history of consumption of raw milk, history of fever (nature and duration) in the past and complaints of joint pains, if any and chronic illnesses.
Brucellosis is a significant bacterial zoonotic disease with a high seroprevalence in low-to-middle-income countries where there is a significant contact of humans with animals. This prospective study was conducted to observe the seroprevalence of brucellosis in 75 symptomatic patients with pyrexia of unknown origin (PUO) and 75 high-risk individuals (10 veterinarians, 15 milkmen and 50 healthy contacts of symptomatic patients) with possible exposure to brucellosis. Serum samples collected from these patients and individuals were subjected to rose Bengal test (RBT) and ELISA for the detection of IgM and IgG antibodies. RBT was positive in 50 samples (40 PUO and 10 high risk), of which 25 (33.3%) PUO cases had detectable IgM antibodies, whereas IgG antibodies were detected in 20 patients. None of samples from high-risk individuals was reactive for IgM/IgG antibodies by ELISA. The overall seroprevalence in this study was 16.7% (33.3% in PUO patients). Being a predominantly livestock rearing area, brucellosis is a significant health-care problem in this part of India with this entity being linked to 33% of PUO cases.
For the detection of IgM antibodies, the patient's serum was diluted with a serum diluent provided with the ELISA kit that contained a sorbent to remove rheumatoid factor and human IgG interference. This diluted serum was added to the wells coated with purified antigen. The rest of the procedure/steps were standard ELISA procedural steps as mentioned in the supplied kit literature. The study was conducted after obtaining due ethical clearance from the institute's ethical clearance committee.
results
A total of 150 samples were collected during the study period that included 75 symptomatic cases (PUO) and 75 high-risk individuals that included 10 veterinarians, 15 milkmen and 50 healthy contacts of symptomatic cases such as patient attendants. The mean age of the participants was 31.4 years (range, 2-78 years). One hundred and six (70.7%) were male, whereas the rest 44 (29.3%) were female.
All symptomatic cases were investigated as cases of PUO in the institute and the symptoms in these patients are given in Table 1 . A total of 50 (33.3%) samples were positive by RBT, Serum samples were collected from these individuals by obtaining 3-4 ml of blood sample in a Vacutainer without additives and separating the serum from these specimens. These sera were stored at −20°C until tested. The serum samples were analysed in two phases. In the first phase, serum samples were subjected to rose Bengal test (RBT). In the second phase, IgM and IgG antibodies against Brucella were detected by ELISA using Calbiotech Brucella IgG/IgM ELISA Kit (California, USA). This ELISA kit can detect IgG and IgM antibodies to Brucella in human serum or plasma.
Apart from the positive and negative controls supplied by the manufacturer along with the ELISA kits, additional controls were also run along with the samples. The serum collected from confirmed cases of brucellosis (isolated on repeating sampling and blood culturing) was used as a strong positive serum control. The serum samples taken from the healthy individuals with no history of contact with animals or other such high-risk behaviour/exposure were used as the negative control serum. A moderate positive control was prepared by diluting the strong positive serum in negative serum (1:20 fold dilution). The sera to be tested were diluted 1:21 before the ELISA procedure. 13 .3% (20/150) of samples were positive for IgM antibodies as well as IgG antibodies, whereas 3.3% (5/150) were reactive for IgM antibodies only. None of the samples tested were reactive only for IgG antibody.
All ELISA positive samples (reactive for IgM ± IgG antibodies) belonged to the symptomatic group. None of the patients from high-risk group had a detectable antibody level though 10/75 (13.3%) were positive by RBT. The group-wise distribution of serology results along with their sensitivity, specificity, positive predictive value and negative predictive values is shown in Table 1 .
dIscussIon
The present study was done to assess the burden of brucellosis in the region as the true incidence of this disease in a developing country like India is still unknown despite agriculture, livestock and cattle rearing being a significant source of income for majority of the population in low-and middle-income groups in rural and semiurban areas. [3, 4] The area to which our institute caters to is known to be an agriculture and livestock rearing area where humans maintain a close contact with animals such as cows, goats, sheep, buffaloes and camels for the past few centuries. [2] There are two main sources of dairy products in this region. The commercial supply is through industries that supply pasteurised products with maintenance of the cold chain, whereas cattle dwellers that supply raw, unpasteurised products also contribute significantly to the dairy product consumption. Kachhawaha et al. have documented the problem of brucellosis in animals in this region. [5] The prevalence of brucellosis in these animals ranges from 17.7% to 75% and is said to be increasing as a result of the ban on cow slaughter. [5] Hence, a high prevalence of brucellosis is expected in this region.
In the present study, the overall seroprevalence of brucellosis was 16.7%, whereas the seroprevalence in PUO patients and high-risk group was 33.3% and 0%, respectively. The surprising lack of seropositivity in high-risk group could be due to low numbers of milkmen and veterinarian in our study. The seroprevalence from other parts of India has been reported in a few studies. A study from Chandigarh in PUO patients showed a Brucella positivity of 9.94% by serology over a period of 10 years. [6] Another study from Karnataka over a period of 10 years (2006-2015) showed 5.1% seropositivity in suspected patients (PUO). [7] Various studies from India have documented brucellosis seroprevalence ranging from 2% to 18%. [8] In an earlier study from our region, the seroprevalence in PUO patients was found to be 13% in which the diagnosis was made only using IgG ELISA. [9] We used both IgM and IgG ELISA for establishing the diagnosis, and a positive patient was defined as a patient with a positive IgM serology with or without IgG antibodies. This could be one of the reasons for significantly higher association of brucellosis and PUO in our study. Furthermore, the fact that our institute is a referral hospital in this region could be another reason as there is a delay between onset of symptoms and the patient's presentation to our institute. This results in time for IgM and/or IgG antibody formation in the patient.
The gold standard for the diagnosis of brucellosis is blood culture, but its aerosolisation during culture procedures coupled with a very low infective dose of 10-100 bacilli makes it a very potent laboratory-acquired pathogen. [10] There are very few articles on culture-confirmed brucellosis from India such as Mani et al., where they reported 22 culture-confirmed cases of brucellosis. [11] Because the facility (BSL-3 laboratory) for the same is lacking in our institute, the isolation of Brucella from the blood cultures was not attempted as part of the study.
Our study shows the relative utility of each test for serological diagnosis. Many previous serology-based studies used ELISA tests that either was not able to distinguish between IgM and IgG or only detected IgG antibodies, thereby introducing a possibility of missing acute cases. Among serological tests, we designated the combined use of IgM and IgG antibody detection as the gold standard for serological diagnosis and compared the performance characteristics of other tests with it. RBT suffered specificity issues, whereas IgG ELISA suffered sensitivity issues as it missed five acute cases.
conclusIons
Brucellosis is a significant health-care problem in this part of India, with almost one-third of PUO cases being attributable to this entity. Being predominantly an agriculture and livestock rearing area, the on-going transmission between man and cattle is hard to break and a good effort from the public health authorities needs to be made to spread awareness regarding high-risk behaviour such as the consumption of unboiled/ unpasteurised milk.
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